PEDIATRICS cliNical article J Neurosurg Pediatr 15:150-155, 2015
with VPS infections and their antibiotic sensitivities in the Sub-Saharan country of Kenya. methods A pediatric neurosurgical database was used to search for all patients who had a recorded VPS infection between September 2010 and July 2012. The diagnosis of shunt infection was based on clinical presentation and CSF microbiology. Clinical features suggesting VPS infection included headaches, meningismus, lethargy, bulging fontanel, abdominal pain and tenderness, nausea, vomiting, swelling, erythema, pain and tenderness along the shunt tract, and fever. Patients with these symptoms were subjected to ventricular tap or shunt tap, depending on whether the fontanel was open or closed. Ventricular taps were preferred because they obviate the risk of the tap infecting the shunt or damaging its valve and they have minimal risk. Cerebrospinal fluid samples were taken for Gram stain, microscopic examination, and cell count. Samples of CSF with more than 4 white blood cells (WBCs) were cultured aerobically and had antibiotic sensitivity testing. Fungal and anaerobic cultures could not be done by the hospital laboratory.
In patients with a diagnosis of VPS infection based on clinical and CSF white blood cell criteria, the shunt was removed and an external ventricular drain (EVD) was inserted. The EVDs were not routinely changed unless they were blocked or accidentally pulled out. Antibiotics were given empirically until CSF culture results were available. Empirical antibiotics consisted of ceftriaxone for children older than 1 month and ampicillin and gentamycin for neonates. After CSF culture results were available (usually after 3 days), patients were switched to organism-specific antibiotics. Patients were treated for an average duration of 2 weeks, after which CSF cultures were repeated. Depending on the results of the second culture, antibiotics were discontinued, continued, or changed. Outcomes were recorded in relation to a patient's ability to clear the infection. A patient was considered to have cleared an infection once CSF cultures were negative after antibiotic treatment and CSF WBC counts decreased.
Of those who had negative CSF cultures after antibiotic treatment, some underwent placement of a second VPS during the same admission. Shunts were replaced if patients had signs of increased intracranial pressure (ICP) after their infection was cleared. If a second shunt was placed, CSF was always analyzed the day before the operation to confirm clearance of the infection. Many of the infants who had gram-negative infections did not have signs of increased ICP after their infections, presumably because the infections caused scarring of the choroid plexus, and they were sent home to return for follow-up in 2 weeks. If the same bacterial organism persisted in the CSF despite appropriate antibiotic therapy, and patients in this category were considered to have chronic ventriculitis. Those with very severe infections, that is, those with CSF WBC counts > 1000 cells/ml and no response to the antibiotics, were sent home on palliative care after counseling.
Charts of patients with recorded infections were retrieved, and data were analyzed. We did not discriminate between first shunt infections and subsequent VPS infections. Each shunt infection was considered as an individual entity. All patients with negative culture results from the first CSF specimen were excluded from the study. Those with missing data were also excluded.
Data pertaining to patient age, sex, CSF cell count, Gram stain, bacteria cultured, antibiotic sensitivities, time after VPS insertion, and outcomes were recorded. Data were entered, coded, and analyzed with SPSS statistics 17.0. Statistical analyses included frequencies and cross tabulation.
results
Of the 127 VPS infections diagnosed using clinical and CSF WBC criteria, 53 had positive CSF cultures and thus were included in our study. The fact that 53 of 127 infections had positive cultures reflects the high rate of falsenegative cultures in our laboratory. Of these 53 infections, 46 were for initial shunts and 7 were for repeat shunts. Seven of the 53 infections had occurred in the same patient. Of the 53 cases included in the study, 25 occurred in males and 28 in females. Patient ages ranged from 1 month to 20 years, although the patient in 68% of the cases was younger than 6 months and in 81% of the cases was younger than 1 year ( Fig. 1 ). Seventy-nine percent of the infections occurred within 2 months of shunt insertion. The majority of infections occurred within 6 months of shunt insertion. Shunt infections drastically decreased 6 months after VPS insertion, and late shunt infections were rare ( Fig. 2 ).
As shown in Fig. 3 , gram-positive organisms were isolated from 50.95% of cases and gram-negative organisms from 39.6%.
All of the S. aureus and 92% of other Staphylococcus species infections were sensitive to cefazolin. However, only 1 of the 21 infections caused by gram-negative bacilli was sensitive to cefazolin. The most effective antibiotic for gram-negative bacilli was meropenem, to which 17 (85%) of 20 organisms were sensitive. Two gram-negative bacilli showed resistance to meropenem, and 1 had intermediate sensitivity. Ciprofloxacin was effective against 10 of 20 gram-negative bacilli for which it was tested, 7 of 20 were resistant, and 3 showed intermediate sensitivity. Gentamycin was effective in only 6 (30%) of 20 cases of gram-negative bacilli infections. Only 2 of 8 gram-negative bacilli tested against cefepime and 2 of 8 tested against ceftazidime were sensitive to these antibiotics.
Chloramphenicol had the greatest effect on all grampositive and gram-negative bacteria, being effective in 33 (25 gram-positive and 8 gram-negative) of 51 infections. However, its effect was mainly on the gram-positive infections. Ampicillin was ineffective against gram-positive and gram-negative organisms, with sensitivity detected in only 2 of 25 and 0 of 20 organisms tested, respectively. Gram-positive organisms were not tested against ceftriaxone. Only 3 of 17 gram-negative organisms tested were sensitive to ceftriaxone (Table 1) .
Infections with gram-negative bacilli were more common in neonates and were associated with worse out comes. Only 52% of those with gram-negative infections were cleared by antibiotics, compared with 77% and 91% of those with S. aureus and other Staphylococcus species infections, respectively. Antibiotics were successful in clearing VPS infections in 68% of cases. Forty-two percent (22 of 53) of cases had a new VPS inserted after the infection cleared. There was a 4% (2 of 46 patients) mortality rate, with patients in 17% (9 of 53) of cases being sent home on palliative care overall ( Table 2 ). Five of the 9 patients sent home on palliative care had gram-negative infections.
discussion
Ventriculoperitoneal shunt infections are a major cause of morbidity and mortality in children requiring CSF diversion. Our study comprised a young population, ranging in age from less than 1 month to 20 years with a mode of 2 months and a median of 4 months, and establishes gramnegative bacilli as a major causative pathogen.
time of infection
Most infections occurred within the first 2 months of shunt insertion; 60% of these occurred within the first month. This is in keeping with what is reported in the literature. 6, 9 Lima et al. reported the average time to shunt infection diagnosis as 26 days after VPS insertion, and 81% of infections in their study occurred within 1 month. 9 In our study, a peak incidence of VPS infections occurred in the 2nd week postinsertion, which may represent early colonization of the shunt during the perioperative period. Patients presenting with illness more than 6 months after shunt insertion should be examined for other causes, such as urinary tract infections, before one concludes that there is a CSF infection.
spectrum of infecting Pathogens
We found a high incidence of gram-positive bacterial infections; Staphylococcus species combined accounted for slightly more than 50% of the infections. Though this rate is lower than the 75% incidence reported in the Western literature, 12 the number is significant.
Forty percent of infections were attributable to gramnegative bacilli, contrary to the 6.1% rate reported in the literature by Stamos et al. 13 However, our observation that there is an increased frequency of gram-negative infections is consistent with the findings of Bokhary and Kamal in Libya, where gram-negative bacilli accounted for 77% of the infections. 2 In that study, most gram-negative bacilli infections occurred in patients with hydrocephalous due to intraventricular hemorrhage or meningitis. Most of the patients in our study had hydrocephalous caused by spina bifida or meningitis. Bokhary and Kamal postulated that the high incidence of gram-negative bacilli in their population was caused by the empirical use of second-and third-generation cephalosporins. The high incidence of gram-negative bacilli in our population could be attributable to malnutrition, poor hygiene postoperatively, and previous exposure to antibiotics, especially in patients who had hydrocephalus in association with spina bifida. Our hospital's environment may also contribute to the high frequency of gram-negative infections. The frequency of such infections is high in other areas of the hospital (for example, the men's, women's, and pediatrics wards), which is partly attributable to patients being crowded together 8-9 people in a room, the difficulty in isolating patients with documented gram-negative infections, and the different levels of hygiene in the hospital (that is, linens and gowns changed infrequently and linens washed in cold water rather than hot).
The shunt techniques used in Kijabe were similar to those used in the US, although a defined protocol was not used. Most patients had a chlorhexidine bath on the morning of their operation. After the induction of anesthesia, scalp hair was trimmed with clippers and was never shaved with a razor. Skin was cleaned with alcohol-soaked gauze and then washed with chlorhexidine. Betadine was used as the final prep solution. Intravenous cefuroxime (50 mg/kg) was given before skin incision. Double gloving was always used. The surgical field was covered with Ioban drapes. Cefuroxime was given every 8 hours, for 3 doses postoperatively. Chhabra shunts (Surgiwear Inc.) were used in most patients. No antibiotic-impregnated shunts were used. Thus, shunt techniques are unlikely to be related to the high frequency of gram-negative infections.
antibiotic sensitivities
Most gram-negative bacilli were multidrug resistant, responding to only 1 or 2 drugs. Meropenem was the most effective antibiotic against gram-negative bacilli. It is concerning that 2 gram-negative bacilli were resistant to meropenem and that 1 had only intermediate sensitivity. In view of the risk of introducing meropenem resistance and given its relative high cost, it would be prudent to seek another antibiotic for use and to reserve meropenem as a last resort. Ciprofloxacin had the second-best coverage of gram-negative bacilli in our series and may offer an alternative to meropenem for empirical treatment. There is, however, a relative risk of epiphyseal damage with ciprofloxacin administration during early infancy, but previous studies set a precedent for using it and also demonstrated its effectiveness in treating neonatal gram-negative meningitis. 7 Given the difficulty in clearing gram-negative bacilli infections (clearance of 52% in our study) and the emerging risk of meropenem-resistant gram-negative bacilli, it may be advisable to use antibiotics of 2 different classes to which the organism is sensitive that have good CSF penetration.
Aminoglycosides and second-and third-generation cephalosporins, which are widely used, were ineffective against gram-negative bacilli, an observation that differs from the findings of Pena et al. in which Klebsiella species and Escherichia coli were sensitive to third-generation cephalosporins and aminoglycosides. 11 All Staphylococcus species showed sensitivity to cefazolin, which has poor CSF penetration and hence cannot be used to treat VPS infections. However, it can be used for preoperative prophylaxis to act against skin commensals. Pena et al. found that the use of preoperative cefazolin was not protective against VPS infections, although their patients had a high incidence of methicillin-resistant S. aureus, which was not the case in our study. Chloramphenicol, which is rarely used in Kenya, was found to be effective against gram-positive infections and some gram-negative infec- tions. It has good CSF penetration and may provide good gram-positive coverage for the empirical treatment of shunt infections. Most organisms were resistant to ampicillin and gentamycin. This fact, combined with the higher prevalence of gram-negative infections in neonates, would explain the poorer outcomes in the patients in this age group, who received ampicillin and gentamycin as empirical therapy for shunt infections.
conclusions
Gram-negative bacilli shunt infections are much more common in Kenya than has been reported in the literature from Western countries. Gram-negative bacilli infections had worse outcomes than gram-positive bacterial infections. This result could be attributable to the delayed treatment with appropriate antibiotics and the occurrence of these infections in neonates who have lower immunity. Most of the patients with gram-positive bacterial infections had good outcomes, as most had antibiotics that were effective from the very start.
In Sub-Saharan Africa, it is imperative to start any patient suspected of having a VPS infection on antibiotics that cover both gram-positive and gram-negative bacteria while CSF culture results are pending. We recommend antibiotic treatment with chloramphenicol and ciprofloxacin until CSF cultures are available and antibiotic sensitivity is known.
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